14 Partial migration is a common phenomenon wherein populations include migratory and 15 resident individuals. Whether an individual migrates or not has important ecological and 16 management implications, particularly within protected populations. Within partially migratory 17 populations of O. mykiss, migration is highly correlated with a specific genomic region, but it is 18 unclear how well this region predicts migration at the individual level. Here, we relate sex and 19 life history genotype, determined using >400 SNPs on the migratory-linked genomic region, to 20 life history expression of marked juvenile O. mykiss from two tributaries to the South Fork Eel 21 River, northern California. Most resident fish were resident-genotypes (57% resident, 37% 22
Assigning Migratory vs Resident Genotypes 144 To determine life history genotype groups, we conducted a discriminant analysis of 145 principal components (DAPC) (Jombart et al. 2010) with the matrix described above. Due to its 146 large size and high divergence, the variation in the Omy5 region dominates the discriminate 147 analysis (Fig. 2) . We used the "find.cluster" method implemented in R package "adegenet" 148 (Jombart et al. 2011), a method that uses model selection to infer genetic groups by partitioning 149 genetic variation into between-and within-group variation. We calculated Bayesian Information 150 Criteria (BIC) for cluster models including k=1 to k=10 clusters, and calculated the decrease in 151 BIC between models to identify the optimal number of clusters ( containing Taqman GT Master Mix, and custom Taqman probes and primers for OMY1-2SEXY   166 and an autosomal locus to distinguish between a lack of template and lack of Y-chromosome. 167 The amplification was conducted on a QuantStudio3 (ThermoFisher Scientific) and consisted of 168 a 10 minute hold at 95°C and then 40 cycles of 15 seconds at 95°C and 1 minute at 60°C. Each 169 plate included one male and one female control in addition to two blanks. Control samples for 170 each sex were collected from known-sex adult O. mykiss at the Warm Springs Hatchery in Santa 171 Rosa, CA. We also calculated the sex ratios for a random subset of juvenile, age-0 fish (< 85 mm 172 FL, n = 239), to confirm a 1:1 sex ratio at the juvenile life stage. 173 Assigning Life History Ecotypes at an Individual Level 174 We assigned observed life history ecotypes based on mark-recapture histories of 175 individual fish and body size. In brief, individuals were assigned "migratory" if they were 176 detected moving downstream during the spring smolt outmigration window, and were assigned 177 "resident" if they exceeded a size threshold (described below). To detect downstream movement, 178 we installed stationary antennas at the mouths of each creek. We used multiplex readers from 179 Oregon RFID (Portland, OR), and antennas were operated from For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
Eel River watershed (Brown 1990) . Individuals were assigned a "migratory" ecotype if they 187 were detected moving downstream past the antenna arrays during these months (first detected at 188 the upstream antenna and then at the downstream antenna). A subset of fish (n=30) were 189 removed due to detection histories that suggested persistent local movement and/or shed tags 190 (i.e., detected moving both upstream and downstream, and were detected at the antenna over a 191 span of time >36 hours, with 9-6571 detections per tag). There was a subset of individuals who 192 were only detected once in the migration time frame, which only occurred when one antenna was 193 functioning. Because all of the directional detections (n = 98) that occurred during the smolt 194 outmigration period were in the downstream direction, we assumed that these single-detections 195 also represented fish moving downstream (n = 175). It is important to note here that we are 196 assigning individuals to 'migratory' ecotypes, rather than 'anadromous,' and some individuals 197 who are moving out of these headwater tributaries may be migrating to another part of the 198 watershed rather than to the ocean. 199 We assigned individuals to a resident ecotype if they were >160 mm FL in July based on 200 several lines of evidence. First, no individuals larger than 160 mm were detected moving 201 downstream past the antennas in during the outmigration window (98.2% of fish detected were 202 less than 155 mm FL). Second, mark recapture data (Kelson and Carlson, In press) and length 203 frequency plots ( Fig S1) indicate that a fish of 160 mm FL in the summer months is typically 2+ 204 years old. The dominance of age-0+ and age-1+ fish in the out-migrants has been noted Finally, this size cut-off is larger (i.e., more conservative) than the size threshold of 150 mm that To determine if sex ratios differed from 1:1 in juvenile fish, out-migrating fish, and 212 resident fish, we used exact binomial tests, computed in R (R Core Team 2017). We also 213 compared the genotype frequency of migratory ecotype fish and resident ecotype fish against the 214 "baseline" genotype frequency of juvenile fish (less than 85 mm in fork length) using a Chi-215 squared test in R. 216 Next, we modeled the relationship between life history genotype, genotypic sex, and life 217 history ecotype using generalized linear models in R. Specifically, we used binomial models, 218 with migratory fish assigned a value of 1 and resident fish assigned a value of 0. We calculated 219 BIC for six models with different combinations of predictor variables: 1) sex, 2) life history 220 genotypes, 3) sex and life history genotypes, 4) sex, life history genotype, and their interaction, 221 5) sex, life history genotype, and sample location, and 6) sex, life history genotype, their 222 interaction, and sample location. We also calculated r 2 using the "rsq" package (Zhang 2018) for 223 models including sex, genotype, and the combination of the two (models 1-3 listed above) to 224 compare the ability of these factors to predict life history expression independently and in 225 combination. 226 We combine data from Fox and Elder creek in the results below for two reasons. First, we 227 had limited sample sizes from Fox Creek (n = 38 individuals out of a total of 284 assigned a life 228 history ecotype were from Fox). Second, the best fit generalized linear binomial model did not 229 include capture location (see Results). For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record. 231 We used an equation from Ohms et al. 2014 to estimate the proportion of the combined 232 population that migrates, given the sex ratios in the out-migrating fish, the resident fish, and the 233 pre-migration aged fish. In this model, if sex ratios are skewed for only the resident fish, but 234 close to 1:1 for the out-migrating fish, then the number of individuals expressing residency is a 235 small proportion of the total population (see also Ohms et al. 2014). We applied the same 236 equation, substituting migratory allele frequencies for sex ratios, where:
Predicting proportion of resident fish from sex and genomic data
If P is the proportion of migrants, m is the migratory allele frequency of migratory ecotype fish, 239 b is the baseline migratory allele frequency of pre-migration aged fish, and r is the migratory 240 allele frequency of resident fish.
241

Results
242
Resident and Migratory Genotypes 243
When grouping individuals into clusters based on Omy5 SNPs, we found the largest 244 reduction in BIC occurred between models with k=2 and k=3 clusters ( Fig S2) , which aligned 245 with our prediction of 3 groups (resident, heterozygous, and migratory) corresponding to each 246 genotype. We used group membership (k=3) to call individuals as resident, heterozygous, or 247 migratory genotypes (Fig 2) . Hereafter, we refer to the group assignment as "genotype," where 248 the "migratory genotype" means homozygous for the haplotype associated with the migratory 249 life history, "resident genotype" means homozygous for the haplotype associated with the 250 resident life history, and "heterozygous" means one copy of each haplotype. For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
We obtained genotype data from n = 4303 out of 4332 (99.3%) fish. We then assigned 252 life history genotypes to n = 3450 fish (80.1% of those that were genotyped), with individuals 253 being excluded due to missing data at many SNPs on Omy5 (see above, Appendix 1). See Table   254 S1 for a summary table of life history genotypes by year and age class. Across 4 years of 255 sampling (2014-2017), the overall genotype frequency for juvenile fish (less than 85 mm in fork 256 length, n = 2485) in these streams was 29.6% migratory, 40.2% heterozygotes, and 30.2% 257 resident. We successfully assigned life history ecotypes and genotypes to 284 fish, which are 258 summarized by genotype and sex ( 260 We found that migratory genotype fish were unlikely to remain in the streams as resident 261 fish, as resident ecotypes were comprised of 57.1% resident genotypes, 36.5% heterozygous 262 genotypes, and only 6.3% migratory genotypes (Fig 3) . This frequency of genotypes differed 263 from the frequency of genotypes in juvenile fish in a Chi-squared test for given probabilities (χ2 264 = 27.0, p < 0.001). Similarly, we found that the proportion of migratory alleles decreased in a 265 cohort of fish from age-0 to age-2+ (i.e., as the cohort aged, Fig 4a) , also indicating that 266 migratory genotype fish were less likely to remain in the stream as older fish. 267 In contrast, we found that resident genotype fish often expressed the migratory ecotype. 268 The genotype frequencies in the migratory ecotypes (24.7% migratory, 45.3% heterozygote, and 269 30.0% resident genotypes) were very similar to the baseline juvenile genotype frequencies, and 270 did not differ in a Chi-squared test (χ2 = 2.5, p > 0.1, Fig 3) . Similarly, we found that migratory 271 ecotype fish did not always include a higher proportion of migratory alleles when compared to 272 all the fish caught the previous summer (the baseline for that year, Fig 4b) . 273 For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
Genetic Sex Determination
For juvenile fish (i.e., age-0, <85 mm FL, n = 252), 48.8% were male and 51.2% were 275 female, which was not significantly different from a 1:1 ratio (binomial test, P = 0.75). For fish 276 assigned a resident ecotype (n=58 with sex data), 77.6% were male (binomial test, P < 0.01, 95% 277 confidence interval from 64.7% to 87.5%). In contrast, migratory ecotype fish (n=153 with sex 278 data) were 38.1% male, which differed significantly from an even sex ratio (binomial test, P 279 <0.01, 95% confidence interval from 30.4% to 46.2%). 280 Combining life history genotype and sex to predict ecotype 281 Migratory ecotypes consisted of fish from every life history genotype (migratory, 282 resident, and heterozygous) but were female-biased (Fig 3) . In contrast, resident ecotypes 283 consisted primarily of resident genotypes and were male-biased (Fig 3) . Notably, there were no 284 female migratory genotype fish who expressed the resident ecotype, and correspondingly, there 285 were very few male resident-genotype fish who expressed the migratory ecotype (Table 1, Fig   286 3). 287 We found that the best model (lowest BIC) describing whether individuals expressed a 288 migratory or resident ecotype included life history genotype and sex ( Table 2 ). The probability 289 of out-migrating increased with the addition of migratory alleles: migratory genotypes were the 290 most likely to out-migrate (probability for males = 0.91 and for female = 0.99), followed by 291 heterozygotes (male = 0.62, female = 0.92), and then resident genotypes (male = 0.31, female = 292 0.77) (Fig 5a) . Based on effect sizes of parameters, sex was more important than genotype in 293 explaining variation in ecotype (Fig 5b, with heterozygote-female as the intercept, z = 6.0, P < For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
was lower than the correlation between sex and life history ecotype (r 2 =0.31), but including both 297 factors had the highest correlation (r 2 =0.45). 298 Using Sex and Allele Frequencies to Estimate Proportion Residency 299 Using the sex ratio data from our system as input data to the equation from Ohms et al. 300 (2014), we estimated that 69.9% of the population migrated. Using migratory allele frequencies 301 in the migratory vs. resident ecotypes, we estimated that 88.3% of the population migrated. unidentified genetic variation may also be of conservation value. 316 For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
Sex-linked Freshwater Maturation and Migration
In our system, genetic sex was correlated with observed life history, with resident 318 ecotypes dominated by males and migratory ecotypes dominated by females (Fig 3, Fig 5a) . The 319 male-biased sex ratio in large, resident fish that we observed (78%) was close to the ratio concern. In this study we present two genetic tools, genotyping at Omy5 and sex-genotyping, 384 both of which are useful for understanding migration behavior within partially migratory 385 populations. We suggest that genotyping at Omy5 is more useful at the population level (as quantifying these patterns may be of interest to managers seeking to restore or monitor anadromy 395 in partially migratory populations. Using genetic tools, we generated two estimates for the 396 percent of the population expressing migration, the first based on sex ratios (estimated 70% 397 migration) and the second based on migratory allele frequencies (estimated 88% migration) in 398 these streams. Both approaches suggest that most of the population migrates from these streams. 399 The mathematical models used to generate these estimates included simplifying assumptions 400 such as that of equal mortality rates between sexes or genotypes before the life history decision 401 window or before the samples are collected. We suggest that using the sex ratios, rather than 402 migratory allele frequency, may be less likely to violate these assumptions. This is because other For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record. 
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